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Abstract: Light gauge Steel Frame (LSF) walls are extensively used in the building industry 
due to the many advantages they provide over other wall systems. Although LSF walls have 
been used widely, fire design of LSF walls is based on approximate prescriptive methods 
based on limited fire tests. Also these fire tests were conducted using the standard fire curve 
[1] and the applicability of available design rules to realistic design fire curves has not been 
verified. This paper investigates the accuracy of existing fire design rules in the current cold-
formed steel standards and the modifications proposed by previous researchers. Of these the 
recently developed design rules by Gunalan and Mahendran [2] based on Eurocode 3 Part 1.3 
[3] and AS/NZS 4600 [4] for standard fire exposure [1] were investigated in detail to 
determine their applicability to predict the axial compression strengths and fire resistance 
ratings of LSF walls exposed to realistic design fire curves. This paper also presents the fire 
performance results of LSF walls exposed to a range of realistic fire curves obtained using a 
finite element analysis based parametric study. The results from the parametric study were 
used to develop a simplified design method based on the critical hot flange temperature to 
predict the fire resistance ratings of LSF walls exposed to realistic fire curves. Finally, the 
stud failure times (fire resistance rating) obtained from the fire design rules and the simplified 
design method were compared with parametric study results for LSF walls lined with single 
and double plasterboards, and externally insulated with rock fibres under realistic fire curves. 
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1. Introduction   
In recent times, Light gauge Steel Frame (LSF) wall systems are widely used in buildings as 
primary load bearing components. LSF wall panels are made of thin-walled cold-formed steel 
stud and track sections and lined with single and double gypsum plasterboards with and 
without insulations (Figure 1). The insulated wall panels can be either cavity insulated or 
externally insulated, i.e. insulation layer sandwiched between two plasterboards. The 
structural and thermal behaviour of load bearing LSF wall panels exposed to fires is 
complicated due to the use of thin-walled cold-formed steel sections, for which local buckling 
may become a major concern. Fire events usually occur on one side of LSF walls during 
which a non-uniform temperature distribution is developed across the steel stud cross-
sections. This results in thermal bowing deformations and non-uniform distribution of 
strength and stiffness of studs, making the structural behaviour of LSF wall panels even more 
complicated. Hence complex calculations are needed to determine the reduced axial 
compressive capacities of wall studs under non-uniform elevated temperature distributions in 
a fire, and the important fire resistance rating (FRR) of LSF wall panels. 
 
Many experimental and numerical studies have been undertaken in the past to investigate the 
fire performance of load bearing LSF walls. Alfawakhiri [5], Klippstein [6], Gerlich [7], Feng 
and Wang [8], Ranby [9], Kaitila [10],  and Zhao et al. [11] conducted detailed studies on the 
LSF wall systems used in Canada, USA, New Zealand and Europe. Recently Gunalan et al. 
[12] and Gunalan and Mahendran [13,14] conducted similar studies on LSF wall systems 
used in Australia, in particular, LSF wall panels made of high strength steel studs and various 
wall configurations including cavity and external insulations made of rock wool, glass fibre 
and cellulose fibre. However, all these studies were for LSF wall panels exposed to the 
standard fire time-temperature curve given in [1].   
 
Although the standard fire curve has been used for more than 100 years to determine the FRR 
of building components, it does not represent most of the potential fires in modern buildings 
This was demonstrated by many researchers [15-17] using compartment fire tests. The shape 
of the fire curve also strongly relates to the behaviour of a structural element in a fire. The 
real building fire has a decay phase whereas the standard fire curve rises continuously as seen 
in Figure 2. Also there are increasing concerns nowadays about the behaviour of structural 
members in the decay (cooling) phase of a fire. Fire testing using the standard fire time-
temperature curve will give good comparative results for building systems tested under 
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identical conditions. However, it does not provide accurate FRR for modern residential and 
commercial buildings where the fuel load has increased due to the increased usage of 
thermoplastic materials, synthetic foams and fabrics [18,19]. Hence Ariyanayagam and 
Mahendran [20] investigated the characteristics of real building fires, and developed suitable 
realistic design fire time-temperature curves based on Eurocode parametric [21] and Barnett’s 
‘BFD’ [20] curves to simulate possible fire scenarios in modern buildings. Figure 2 shows 
these time-temperature curves developed for LSF walls lined with double plasterboards. As 
seen in this figure, the rate of temperature rise and peak temperatures in the Eurocode 
parametric curves [21] are well above those in the standard fire curve [1] in most situations 
for the same time period. But the decay rates are linear and very fast, leading to shorter fire 
durations. Barnett’s ‘BFD’ [22] curve uses a single log-normal equation to represent both the 
growth and decay phases of a fire and has been developed using curve fitting to fire test 
results.  
 
The time-temperature curves shown in Figure 2 are based on the compartment characteristics 
such as the fuel load, ventilation openings and thermal inertia of the lining material. Two 
values were chosen for each of the three parameters to include the two extreme situations in 
modern building fires, ie. two opening factors of 0.08 and 0.03 m1/2 with fuel loads of 1268 
and 780 MJ/m2 of floor area in two compartments with gypsum plasterboard lined walls and 
ceilings and concrete or timber floors. This varied the compartment thermal inertia from 305 
to 715 J/m2S1/2K. This led to the development of eight different fire time-temperature curves 
(EU1 to EU8) for Eurocode parametric design fires [20]. Four of them are considered to 
represent rapid fires with their maximum temperature of 1200oC reached in less than an hour 
and their fire duration of less than 90 minutes (EU1, EU3, EU5 and EU7) while others 
represent prolonged fires with duration more than 120 minutes (EU2, EU4, EU6 and EU8). 
Similarly eight ‘BFD’ curves (BFD1 to BFD8) were also developed for the same parameters, 
resulting in 16 realistic design fire time-temperature curves for a given wall configuration 
(Figure 2). For the three LSF wall configurations: single and double plasterboard lined and 
externally insulated with rock fibre insulation (see Figure 1), considered here, it resulted in 48 
curves.  
 
Six of these realistic design fire curves were then used in a series of full scale fire tests of 
eight LSF wall specimens of three different wall configurations (single and double 
plasterboard lined walls and externally insulated walls) under two load ratios. LSF wall 
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panels consisted four cold-formed steel lipped channel sections (90x40x15x1.15 mm). Studs 
were fabricated from 1.15 mm galvanized steel sheets having a minimum yield strength of 
500 MPa (G500 steels) and lined with 16 mm thick plasterboards. External insulated walls 
were insulated with 25 mm rock fibre insulation. Table 1 presents a summary of test wall 
configurations used and the FRR results while Figures 3 and 4 show the six realistic design 
fire curves and the fire test set-up, respectively. To simulate the behaviour of tested LSF wall 
panels exposed to realistic design fire curves, the failed stud in the wall panel was considered 
with appropriate loading and boundary conditions with suitable elevated temperature 
mechanical properties given in [23] (Figure 5). The developed finite element models were 
able to predict the stud failure times (FRR) within 5 minutes as shown in Table 1. Details of 
these fire tests and numerical studies of LSF walls exposed to realistic design fire curves are 
given in [24,25]. Despite the successful outcomes, fire tests in this study showed the practical 
difficulties of using realistic design fire time-temperature curves for conventional fire tests, in 
particular rapid fire curves. This indicates the need to develop suitable design rules to predict 
the FRR of LSF wall panels exposed to realistic design fires without relying on complex 
numerical studies or full scale real fire tests.   
 
Past researches [5-14] have proposed design rules to predict the axial compression capacity 
of steel studs subject to non-uniform elevated temperature distributions and the FRR of LSF 
wall panels, but they were developed for standard fire conditions. Recently Gunalan and 
Mahendran [2] proposed improved design rules based on Eurocode 3 Part 1.3 [3] and 
AS/NZS 4600 [4] to determine the axial compression capacity of LSF wall studs. The 
determination of reduced stud capacities then led to the FRR of LSF walls, but their improved 
design rules were also developed for standard fire conditions. Hence this research was 
undertaken to investigate the applicability of their improved design rules to predict the axial 
compression strengths of studs in LSF walls exposed to realistic fire design fire curves and 
their FRR, and the results are presented in this paper.  
 
Ariyanayagam and Mahendran’s fire tests and finite element analysis (FEA) [24,25] were 
limited to the three LSF wall configurations and six realistic design fire curves. Hence there 
is a need to extend this research using a detailed parametric study using validated finite 
element models. In this study the three LSF wall systems were exposed to 16 different 
realistic fire time-temperature curves each developed based on Eurocode parametric [21] and 
Barnett’s ‘BFD’ [22] curves (Figure 2). For this study the finite element model developed in 
  
 
5 
 
[25] was used with stud temperatures obtained from the finite element thermal model 
developed by Keerthan et al. [26] using SAFIR [27]. Based on the parametric study results a 
simplified design method was developed to obtain the FRR of LSF walls exposed to realistic 
fire curves. This was developed based on the limiting temperature approach using stud hot 
flange temperatures. Finally, the stud failure times (FRR) obtained from the simplified design 
method and the new design rules in [2] are compared for the three LSF wall configurations 
considered in this study. This paper presents the results of this investigation. 
  
2. Review of Fire Design Rules 
Many researchers have investigated the behaviour of LSF wall studs at both ambient and 
elevated temperatures and proposed suitable fire design rules for standard fire exposure [5-
14,28]. These design rules were mainly based on available design manuals and standard 
codes of practice. For instance, Alfawakhiri’s [5] study was based on Canadian cold-formed 
steel design rules while Klippstein [6] and Gerlich [7] developed their design rules based on 
AISI design manuals [29]. Design rules proposed by Feng and Wang [8], Ranby [9], Kaitila 
[10], and Zhao et al. [11] were based on Eurocode 3 Part 1.3 [3]. Eurocode 3 Part 1.3 [3] for 
cold-formed steel structures gives the design buckling resistance of a compression member at 
ambient temperature, but not at elevated temperatures. However, the fire design rules given in 
Eurocode 3 Part 1.2 [30] for hot-rolled steel sections can also be used for cold-formed steel 
sections. It recommends that the temperature of Class 4 members is limited to 350oC, which 
applies to most cold-formed steel members. This is a conservative approach. Hence many 
researchers [8-11] investigated the use of Eurocode 3 Part 1.3 design rules and proposed 
suitable modifications to predict the axial compression capacity of LSF wall studs subject to 
non-uniform elevated temperature distributions under standard fire exposure on one side. 
Such modifications had to consider the additional bending moment in the studs due to the net 
effect of thermal bowing deformation and neutral axis shift caused by the non-uniform 
temperature distribution in the studs, and its magnification effects. They also had to consider 
the non-uniform strength and stiffness across the stud cross-section as a function of 
temperature in calculating the compressive and bending capacities of studs [2,8].  
 
Ranby’s [9] design equations were based on the ambient temperature capacity equations 
given in Eurocode 3 Part 1.3 using the reduced elevated temperature mechanical properties. 
Ranby [9] calculated the section modulus based on the distance from the effective neutral 
axis to the cold flange whereas it should be calculated from the effective neutral axis to the 
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hot flange. This modification was then made by Kaitila [10]. Feng and Wang [8] considered 
the effects of both local and global buckling and included the neutral axis shift caused by the 
non-uniform elevated temperature distribution, thermal bowing and their magnification 
effects in calculating the effective eccentricity. They calculated the effective cross-section by 
incorporating the temperature effects. The bending moment capacities were calculated at both 
stud’s mid-height and support. At mid-height, the moment capacity was calculated based on 
partial plasticity on the tension side (hot flange) while at the support the material yield on the 
compression side (hot flange) was considered. The effect of neutral axis shift about the minor 
axis was neglected since it was found to be less significant.  
 
Gunalan and Mahendran [14] reviewed the above mentioned fire design rules and compared 
the design rule predictions with their fire test and finite element analysis results [12,13]. 
Using this comparison, they proposed improved fire design rules [2] based on Eurocode 3 
Part 1.3 [3] and AS/NZS 4600 [4] for LSF walls exposed to standard fires. Their new design 
rules were investigated in this research to determine the suitability in predicting the axial 
compression strengths of studs in LSF walls exposed to realistic design fire curves and FRR. 
 
2.1. Fire Design Rules Proposed by Gunalan and Mahendran [2]  
2.1.1. Design Rules Based on Eurocode 3 Part 1.3 [3] 
Gunalan and Mahendran [2] showed that in order to calculate the axial compression capacity 
of the stud at non-uniform elevated temperatures, parameters such as the section compression 
and moment capacities of stud, effective eccentricity and associated reduction factors have to 
be found accurately for the non-uniform temperature distribution present in the studs. They 
investigated the section capacities of LSF wall studs under fire conditions using finite 
element analyses (FEA) and recommended that the section compression capacity )N( eff  can 
be obtained by multiplying the weighted average yield stress of the gross section (
__
yf ) and 
the effective area at elevated temperature ( tA ) for higher load ratios, that is,  
tyeff AfN
−
=           (1) 
For lower load ratios this equation overestimated the capacities. This is because although the 
hot flange had reached its yield stress and initiated the failure, stud cold flange had not 
yielded. Hence the yield stress of the cold flange was restricted to 1.5 times the hot flange 
yield stress at elevated temperatures. The member compression capacity was then calculated 
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based on the weighted average mechanical properties and Eurocode 3 Part 1.3 design rule 
given by 
effxb NN χ=                 (2)  
where xχ is the reduction factor for the relevant buckling mode used with weighted average 
mechanical properties and effective area at elevated temperatures.      
 
The section moment capacity was calculated at the stud’s mid-height and support. At mid-
height, partial plasticity was considered where the extreme fibre tension stress has reached 
yield and the maximum compression stress at the extreme fibre was equal to the yield stress. 
At support, the material yield on the compression side was considered. Hence the section 
moment capacities are given by 
(a) At mid-height     
max
t,effy
eff,x y
If
M =            (3a) 
(b) At support          
max
t,effhf,y
eff,x y
If
M =            (3b) 
where 
__
yf - Weighted average yield stress 
t,eff
__
I - Weighted average second moment of area 
maxy - Distance from the neutral axis to the extreme fibre 
hf,yf - Yield stress at hot flange temperature 
 
The bending moment due to thermal bowing caused by a non-uniform temperature 
distribution in the stud and its magnification effect for the applied compression load N* is 
given by  
cr
*
T
*
1
*
N
N1
eNeN
−
= ∆               (4) 
where 
Te∆ - Deflection due to thermal bowing based on Cooke [31] given by 
w
2
T b8
TLe δα=∆    (5) 
α - Thermal expansion coefficient 
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L - Stud height 
Tδ - Temperature difference across the member 
wb - Web depth 
crN - Euler buckling load and given by ( ) 2eff2cr LEIN π=        (6) 
eff)EI( - Effective bending stiffness weighted with the variation of the modulus of elasticity 
 
The bending moment due to neutral axis shift at non-uniform temperatures about the major 
axis and its magnification effect according to Eurocode 3 Part 1.1 is given by  
E
*
xx2
* eNkeN ∆=             (7) 
where 
cr
*
x
mx
xx
N
N1
C
k
χ−
=             (8) 
cr
*
mx N
N)33.0(36.021.079.0C −ψ+ψ+=          (9) 
1=ψ  as the moment due to neutral axis shift is equal at both ends. 
Ee∆ - Deflection due to neutral axis shift is given by ∑
∑
θ
θ
∆ =
i
i,i
i
ii,i
E AE
AyE
e      (10) 
where, 
θ,iE - Modulus of elasticity of each plate element at the appropriate elevated temperature )(θ   
iy - Distance from the effective plate element to the neutral axis at ambient temperature 
iA - Area of the plate element at ambient temperature 
 
The total moment due to thermal bowing, neutral axis shift and their magnification effects is 
given by  
)ee(NM 21
** −=            (11) 
 
Gunalan and Mahendran [2] proposed that the axial compression capacity of LSF wall stud 
subjected to a non-uniform temperature distribution could be computed using Equation 12,    
1
M
M
N
N
eff,x
*
effx
*
=+
χ            (12) 
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where ,Neff ,xχ eff,xM and *M  are obtained from Equations 1, 2, 3 and 12, respectively. 
 
2.1.2. Design Rules Based on AS/NZS 4600 [4]  
The section compression and moment capacities of LSF wall studs subject to a non-uniform 
elevated temperature distribution under a standard fire exposure are calculated here using 
similar modifications recommended for Eurocode 3 Part 1.3 [3]. The section compression 
capacity ( effN ) is obtained using Equation 1 while the section moment capacities are 
obtained from Equations (3a) and (3b) at the stud mid-height and support. The total moment 
due to thermal bowing, neutral axis shift and their magnification effect is given by   
 
cr
*
E
*
cr
*
T
*
*
N
N1
eN
N
N1
eNM
−
−
−
= ∆∆          (13)  
Finally Gunalan and Mahendran [2] proposed the next equation to calculate the axial 
compression capacity of LSF wall studs subject to a non-uniform temperature distribution 
within AS/NZS 4600 provisions. 
1
M
M
fA
N
eff,x
*
neff
*
=+          (14) 
where 
effA - Effective area at elevated temperature  
nf - Critical stress obtained using weighted average mechanical properties as given in [4] 
*M  and eff,xM are obtained from Equations 13 and 3, respectively. 
 
Using the stud hot and cold flange time-temperature distributions obtained for a given 
realistic design fire, N* values can be calculated as a function of time, which lead to load 
ratio expressed as a ratio of ambient temperature stud capacity versus time curves. 
 
3. Comparison of FEA Results with Predictions from Gunalan and Mahendran’s 
Modified Fire Design Rules [2] 
In this section the predictions using the design rules proposed by Gunalan and Mahendran [2] 
based on Eurocode 3 Part 1.3 [3] and AS/NZS 4600 [4] are compared with the steady state 
FEA results obtained using the measured non-uniform elevated stud temperature distributions 
from the eight full scale fire tests conducted using realistic design fire curves [24]. Figures 6 
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(a) to (d) compare the predictions from the design rules with FEA results given in [25] in the 
form of load ratio versus time of exposure. The load ratio was obtained by calculating the 
reduced capacity of studs at suitable time intervals during the fire as a ratio of its ambient 
temperature capacity. From the load ratio versus time curves in Figure 6, FRR of LSF walls 
(stud failure times) can be determined for a given load ratio. Eurocode 3 Part 1.3 and 
AS/NZS 4600 design rules predicted the ambient temperature axial compressive capacity of 
1.15 mm G500 steel lipped channel stud of 90x40x15 mm used in the fire tests to be 52.78 
kN and 58 kN whereas FEA predicted it to be 77.20 kN. On the other hand Gunalan et al.’s 
[12] full scale test recorded the ultimate failure load of stud as 79 kN. Hence this shows that 
the developed finite element model accurately predicted the stud compression capacity and 
the design rules are conservative at ambient temperature. Although the proposed design rules 
predicted lower capacities at ambient temperature, the load ratio values at elevated 
temperatures agreed well with FEA results obtained using the measured stud temperatures 
from the fire tests. A good agreement was also obtained between the stud capacities predicted 
by Eurocode 3 Part 1.3 and AS/NZS 4600. The FRR predicted by the design rules is less than 
8 minutes to that predicted by FEA for both double plasterboards lined LSF walls (Tests 
LSF1 and LSF2) and walls with rock fibre external insulation (Tests LSF5 and LSF6), when 
exposed to prolonged fires. For single plasterboard lined LSF walls (Tests LSF3, LSF3a, 
LSF3b and LSF4) exposed to rapid fires it was less than 3 minutes. Hence this shows the 
accuracy of Gunalan and Mahendran’s [2] design rules for LSF wall studs exposed to realistic 
design fire curves despite the fact they were originally developed for the standard fire curve. 
 
4. Development of a Simplified Fire Design Method 
In this section a simplified fire design method is proposed to determine the FRR (failure 
times) of LSF walls exposed to realistic design fire curves based on stud failure temperatures. 
This method is originally known as the limiting temperature method as proposed by Lawson 
[32] and was later used in BS 5950 Part 8 [33]. A similar approach is still being used in 
Eurocode 3 Part 1.2 [30] where the temperature of the member is limited to 350oC if no 
calculation is made, otherwise Annex E of the same Eurocode should be used. The stud 
failure temperatures obtained from our experimental and numerical studies of LSF walls 
exposed to realistic design fires [24,25] also suggest that LSF wall studs failed when they 
reached a critical temperature for a given load ratio despite the differences in fire time-
temperature curves. The stud hot flange temperatures at failure for single and double 
plasterboard lined walls were about 600oC for a load ratio of 0.2. For a load ratio of 0.4, LSF 
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walls with rock fibre external insulation (composite panel) failed when the stud hot flange 
temperature was about 500oC. However, our experimental study was limited to a few selected 
fire time-temperature curves (six of them). Therefore a parametric study was conducted using 
the validated finite element models in [12,13] to better understand the behaviour of LSF wall 
panels with three configurations shown in Figure 1. Each wall configuration was exposed to 
16 realistic design fire time-temperature curves developed based on Eurocode parametric [21] 
and Barnett’s ‘BFD’ [22] curves (see Figure 2). 
 
4.1. Details of Finite Element Models Used in the Parametric Study 
The finite element model developed in [25] was used in this parametric study of cold-formed 
steel lipped channel section studs subject to non-uniform elevated temperature distributions. 
Finite element analyses of half length simply supported steel studs subjected to axial 
compression were used with the same element type and size, loading and boundary 
conditions (Figure 5). In this study 1.15 mm thick G500 steel stud used in the fire test [18] 
was analyzed with nominal mechanical properties at ambient temperature, i.e, yield strength 
= 500 MPa, elastic modulus = 200,000 MPa, and Poisson’s ratio = 0.3. Elevated temperature 
mechanical property reduction factors of 1.15 mm G500 steel were obtained based on 
Dolamune Kankanamge and Mahendran’s [23] equations. 
 
Elastic buckling analyses of LSF wall studs at ambient temperature were conducted first that 
gave an elastic buckling load of 37.26 kN with local buckling as the lowest buckling mode. 
Initial local imperfection amplitude of 0.006b was used, where b is the width of the stiffened 
plate element. The studs failed due to local buckling and the failure load was 68.50 kN for 
1.15 mm G500 steel stud when nominal mechanical properties were used. The stud time-
temperature curves were obtained from the finite element thermal model developed in [26] 
using SAFIR [27]. In fire conditions steady state non-linear analysis was performed in two 
steps. In the first step, the temperature distribution was applied to the stud and then in the 
second step the load was increased until failure. From the steady state analyses, the stud 
performance results at different temperatures/times including the ultimate compression load 
versus time/ temperature curves were obtained. 
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4.2. Results of Parametric Studies  
4.2.1. LSF walls lined with double gypsum plasterboards 
The selected Eurocode Parametric fire curves (eight of them) shown in Figure 2(a) are more 
severe than the standard fire curve in terms of maximum temperature and time to reach the 
maximum temperature. Further, all of them have a decay phase. The corresponding stud hot 
and cold flange time-temperature curves were obtained using the validated finite element 
thermal model [26] and are shown in Figures 7 (a) and (b). Using these stud time-temperature 
curves, a series of steady state finite element analyses was then performed at regular time 
intervals to obtain the ultimate failure load of stud versus time, i.e. load ratio versus time 
curves (Figure 8(a)). 
 
The load ratio reductions are noted much earlier for rapid Fire curves Db-EU1, Db-EU3, Db-
EU5 and Db-EU7, when compared with prolonged Fire curves Db-EU2, Db-EU4, Db-EU6 
and Db-EU8. Only Fire curves Db-EU5 and Db-EU6 show stud failures for a load ratio of 0.2 
while other load ratio versus time curves are above the load ratio of 0.2 (Figure 8(a)). Also 
the load ratio started to increase with time at the end for most of the fire curves. This is due to 
the stud regaining its strength and stiffness during the cooling/decay phase of the fire when 
stud temperatures started to decrease after reaching the maximum temperature.  
 
Figure 8(b) shows that the load ratio versus stud hot flange temperature curves for different 
fire scenarios merge well. There is a difference in the range of 50 to 100oC only for load 
ratios of 0.55 to 0.65, which occurs for the two worst rapid (EU7) and prolonged (EU2) fire 
curves. Rapid fires cause the stud hot flange temperatures to rise rapidly than in the 
prolonged fires, and hence they create a higher temperature gradient across the stud (HF-CF) 
(see Figure 7 (a) and (b)). This is due to the effect of rapid fires on the dehydration process of 
gypsum plasterboard. The dehydration process in gypsum plasterboard occurs at about 100oC, 
and beyond which the stud temperatures increase with time. Hence rapid fires cause the stud 
hot flange temperature to increase rapidly after the dehydration process, thus leading to a 
higher temperature difference across the stud than in prolonged fires. Hence stud hot and cold 
flange temperature difference is high when hot flange temperatures are in the range of 250 to 
400oC. This higher non-uniform temperature distribution across the stud causes greater 
thermal bowing, magnification effects and neutral axis shift, and thus produces additional 
moments. This lead to reduced ultimate failure loads and load ratios. In contrast to Figure 
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8(b), Figures 8 (c) and (d) show that the results are scattered for the cold flange and average 
stud temperature curves. Hence it can be confirmed that LSF wall studs failed when their hot 
flanges reached certain critical temperatures for a given load ratio, but the temperature 
gradient across the studs can also influence the stud failure.  
 
As observed with Eurocode parametric design fire curves, LSF wall studs exposed to ‘BFD’ 
curves shown in Figure 2(b) also merge well when hot flange temperatures were plotted in 
Figure 9. Figure 9(b) also shows that there is a difference in the range of 50 to 100oC only for 
load ratios of 0.55 to 0.65, which occurs between rapid and prolonged fire curves. As 
mentioned this is due to the higher stud hot and cold flange temperature difference observed 
in rapid fire curves. This temperature difference was high for the stud hot flange temperature 
in the range of 250 to 400oC (see Figure 10(a)). Thus the load ratio versus stud hot flange 
temperature curves also showed a deviation in this range for ‘BFD’ curves. 
 
Figure 11 shows the results of both Eurocode parametric and ‘BFD’ fire curves and Equation 
15 represents the corresponding best fit curve for LSF walls lined with double plasterboards. 
0542.1T002.0T106.3T104.4LR HF
2
HF
63
HF
9 +−×+×−= −−    (15) 
where, LR - Load ratio )1LR0( ≤< and THF - Stud hot flange temperature (oC) C625T20 o≤≤  
 
4.2.2. LSF walls lined with single gypsum plasterboard 
As for the LSF walls lined with double layers of gypsum plasterboard, single plasterboard 
lined walls were also exposed to both Eurocode parametric and ‘BFD’ fire curves. Figures 12 
and 13 show the fire time-temperature curves and the corresponding FEA results for the 
single plasterboard lined LSF walls. Eurocode parametric fire curves Si-EU1, Si-EU3, Si-
EU5 and Si-EU7 and ‘BFD’ Fire curves Si-BFD1, Si-BFD3, Si-BFD5 and Si-BFD7 are rapid 
fires, as their rates of temperature rise are higher than the standard fire curve and reach a 
maximum temperature of nearly 1200oC in less than 40 minutes and the remaining fire curves 
represent prolonged fires (Figures 12(a) and 13(a)). The hot and cold flange temperatures of 
the studs in LSF walls exposed to these fire curves were obtained from finite element thermal 
analyses reported in [26]. Unlike LSF walls lined with double plasterboards, the ultimate 
failure loads in this case rapidly reduce even in the early stage of the fire.  
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The load ratio versus time curves shown in Figures 12 (b) and (c) are the same for all the fire 
curves, except in Fire curves Si-EU1 and Si-EU3. The same load ratios were obtained for 
different fire curves (different maximum temperature and decay rate) as the single 
plasterboard lined specimens failed in the fire growth phase. As seen in Figure 12(a) the rates 
of fire temperature rise are similar in the cases of Si-EU1 and Si-EU3, Si-EU2 and Si-EU4, 
Si-EU5 and Si-EU7, and Si-EU6 and Si-EU8. Thus stud axial compression strengths and load 
ratios are also the same as seen in Figures 12 (b) and (c). As for double plasterboard lined 
walls, an agreement is also obtained between the load ratios and the stud hot flange 
temperatures for single plasterboard lined LSF walls (Figures 12(d) and 13(c)). This further 
confirms that studs will fail when they reach the critical hot flange temperatures irrespective 
of the type of fire curve. The variations observed in the stud hot flange temperatures between 
load ratios 0.6 to 0.5 is due to the influence of stud hot and cold flange temperature difference. 
As mentioned earlier, temperature distribution across the stud also has an effect on the stud 
failure, but can be ignored considering the uncertainties in obtaining the FRR of single 
plasterboard lined LSF walls from full scale fire tests. Figure 14 shows the best-fit curve for 
the load ratio versus stud hot flange temperature relationship as obtained from FEA for both 
Eurocode parametric and ‘BFD’ curves for single plasterboard lined LSF walls. 
085.1T0026.0T1047.5T106LR HF
2
HF
63
HF
9 +−×+×−= −−       (16) 
where, LR - Load ratio )1LR0( ≤< and THF - Stud hot flange temperature (oC) C600T20 o≤≤  
 
4.2.3. LSF walls externally insulated with rock fibre insulation 
LSF walls externally insulated with rock fibre insulation (Composite Panels) were also 
analysed for Eurocode parametric and ‘BFD’ fire curves (eight in each case).  Figures 15 and 
16 show FEA results for LSF walls externally insulated with rock fibre insulation and 
exposed to these fire curves. The stud failures occurred only at higher load ratios (Figures 
15(b) and 16(b)). Only the LSF wall panels exposed to Fire Curves Cp-EU5, Cp-EU6, Cp-
BFD1 and Cp-BFD2 failed at load ratios less than 0.5, as their stud hot flange temperatures 
are less than 500oC [26]. This indicates that studs will sustain the above fire curves if they are 
axially loaded to lower load ratios (<0.5). As for the other wall systems, the load ratio versus 
stud hot flange temperature curves merged well (Figures 15(c) and 16(c)) and it is much 
better than other wall systems. This is due to the presence of external rock fibre insulation on 
the fire side. This delayed the stud hot flange temperature rise when studs were exposed to 
different fire curves. Hence even the rapid fires could not increase the fire temperatures 
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rapidly as with single and double plasterboard lined walls. Thus the difference between stud 
hot and cold flange temperatures did not vary much as in single and double plasterboard LSF 
walls [26]. Also most of the rapid fires considered in this study did not influence the lower 
load ratio cases. It affected only the higher load ratios (>0.6). This could also be the reason 
for the better agreement observed in the hot flange temperature curves of LSF walls with 
external insulation. Figure 17 shows the best fit curve for LSF walls externally insulated with 
rock fibre insulation. 
093.1T0022.0T104T108.4LR HF
2
HF
63
HF
9 +−×+×−= −−     (17) 
where, LR-Load ratio )1LR0( ≤< and TH -Stud hot flange temperature (oC) C600T20 o≤≤  
 
4.2.4. Influence of steel grade on the failure hot flange temperatures of LSF wall studs 
The effect of steel grade on the FRR of LSF walls was investigated by extending the finite 
element analyses to G250 steel stud walls. For G250 steel studs, only eight fire time-
temperature curves, namely, Db-EU1 to Db-EU4 and Db-BFD1 to Db-BFD4, were 
considered for double plasterboard lined LSF walls. Similarly for single plasterboard lined 
LSF walls, Fire curves Si-EU1 to Si-EU4 and Si-BFD1 to Si-BFD4, and for LSF walls 
externally insulated with rock fibre, Fire curves Cp-EU1 to Cp-EU4 and Cp-BFD1 to Cp-
BFD4, were considered. Both rapid and prolonged fire time-temperature curves were 
included (total of 24 fire curves).  
 
In these analyses the nominal yield strength of G250 steel (250 MPa) was used at ambient 
temperature, and elevated temperature reduction factors were based on the equations given in 
[23]. Local buckling was observed as the elastic buckling mode and the ultimate failure load 
was 39.90 kN at ambient temperature. The analysis was then extended to elevated 
temperatures and Figures 18 to 20 show the load ratio versus time curves for single and 
double plasterboard lined LSF walls, and externally insulated LSF walls, respectively. These 
figures also show the best-fit curves developed for the load ratio versus stud hot flange 
temperatures obtained from FEA for the three LSF walls configurations exposed to both 
Eurocode parametric and Barnett’s ‘BFD’ fire curves. As for G500 steel studs a reasonable 
agreement was obtained for the load ratio versus stud hot flange temperature relationship as 
shown in Equations 18 to 20. 
(a) LSF walls lined with double plasterboards 
0027.1T00006.0T1047.4T108.3LR HF
2
HF
63
HF
9 ++×−×= −−      (18) 
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(b) LSF walls lined with single plasterboard 
0053.1T00003.0T103.4T109.3LR HF
2
HF
63
HF
9 +−×−×= −−       (19) 
(c) LSF walls externally insulated with rock fibre insulation 
991.0T00041.0T109.5T102.5LR HF
2
HF
63
HF
9 ++×−×= −−         (20) 
where, LR-Load ratio )1LR0( ≤< and THF  - Stud hot flange temperature (oC) C650T20 o≤≤  
 
Figure 21 shows the load ratio versus stud hot flange temperatures for G250 and G500 steel 
studs obtained in this study and the values proposed by Lawson [32] and Gunalan and 
Mahendran [34]. Lawson’s [32] limiting temperatures are too high for the design of cold-
formed steel structures, and are unsafe. Gunalan and Mahendran [34] recommended the stud 
hot flange temperatures using standard fire tests which agreed reasonably well with this 
study. There is a difference in the range of 50 to 75oC for some load ratios with the proposed 
values in this study. The variations between them are due to different thermal gradients 
across the stud for different rates of fire temperature rise. As mentioned in this study, the load 
ratio versus stud hot flange temperature curves were obtained for each LSF wall 
configuration subject to 16 different fire time-temperature curves. Fire curves included both 
rapid and prolonged fires developed using Eurocode parametric and ‘BFD’ curves. But 
Gunalan and Mahendran’s [34] proposal was limited to standard fire curve. Hence the load 
ratio versus stud hot flange temperature curves obtained in the study for a range of realistic 
fire curves will be more accurate in determining the critical stud hot flange temperature for a 
given load ratio. 
 
As mentioned earlier, at higher load ratios, the failure temperature is influenced by the 
bending moment due to eccentric loading caused by thermal bowing. Hence the failure 
temperatures of G500 steel studs are less than those of G250 steel studs. At lower load ratios 
of 0.5 and 0.4, this effect is not significant, hence G500 steel stud failure temperatures agreed 
with G250 steel stud failure temperatures. This could also be due to lower yield strength 
reduction factors of G250 steel at temperatures less than about 525oC [23]. Also at lower load 
ratios (< 0.2) G500 steel studs sustained lower temperatures than G250 steel studs due to low 
yield strength reduction factors at temperatures greater than 525oC for G500 steel. Similar 
observations were also made by Gunalan and Mahendran [34] in their proposed stud hot 
flange temperatures based on standard fire curve (Figure 21). 
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Based on the results presented in Section 4 it can be concluded that the characteristics of real 
fire curve such as the maximum fire temperature, the time this occurs and the rate of decay 
significantly influenced the stud temperatures, and thus also the axial compressive capacity of 
the stud. Although these parameters influenced the fire behaviour of LSF walls, stud failures 
are mostly governed by their hot flange temperatures. The stud temperature 
distributions/thermal gradients and stud yield strength reduction factors also influenced the 
stud failure, but their effect on the load ratio versus stud hot flange temperature curves is 
considered small. Hence the developed load ratio versus stud hot flange equations (Equations 
15 to 20) can be used together with the stud hot flange time-temperature curves shown in 
Figures 7(b), 7(c), 10(a), 10(b) and in [26] to obtain the FRR of LSF walls exposed to various 
realistic design fire curves. For a given load ratio, the critical hot flange temperature should 
be determined first from the above mentioned equations and then the time to reach this 
temperature can be found from the stud flange temperature versus time curves, i.e. FRR. This 
is a simple design method that can be used for the three LSF wall configurations (single 
plasterboard lined walls, double plasterboard lined walls and walls with externally insulated 
with rock fibre insulation) and the realistic design fire curves considered in this study. LSF 
wall panels used in the tests were of 2100 mm width and 2400 mm height and were made of 
1.15 mm thick G500 steel lipped channel sections (90 x 40 x 15 x 1.15 mm) spaced at 600 
mm and lined with 16 mm plasterboards and 25 mm rock fibre insulations using the 
recommended Australian manufacturer’s procedures. Further details of this study are given in 
[24-26]. For other realistic design fire curves, finite element thermal analyses should be 
undertaken to obtain the stud hot flange time-temperature curves. 
 
5. Comparison of FEA Results with Fire Design Rules and Simplified Method 
The stud failure times (FRR) obtained from the modified design rules based on Eurocode 3 
Part 1.3 and AS/NZS 4600, and the simplified method are compared for the three LSF wall 
configurations considered in this study under selected design fire time-temperature curves. 
Both rapid and prolonged fire curves were considered and Figures 22 (a) and (b) show the 
fire time-temperature curves, and corresponding stud hot and cold flange temperatures. 
Figures 23 (a) to (c) compare the predictions from the fire design rules and the simplified 
methods with FEA results for the three LSF wall configurations. The load ratios of FEA and 
Gunalan and Mahendran’s [2] modified design rules based on Eurocode Part 1.3 and AS/NZS 
4600 agreed reasonably well with each other for the three LSF wall configurations considered. 
The load ratio from the simplified method using the critical hot flange temperature also 
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agreed well with the FEA and design rules for LSF wall configurations exposed to both rapid 
and prolonged fires. Hence this simplified method can be used for predicting the fire 
resistance of load bearing cold-formed steel frame walls without completely relying on 
detailed and time consuming full scale fire tests. 
 
6.  Conclusions 
This paper has investigated the applicability of recently developed fire design rules by 
Gunalan and Mahendran [2] for standard fire conditions to determine the axial compression 
strengths and fire resistance ratings (FRR) of load bearing LSF walls exposed to realistic 
design fire curves. The accuracy of these design rules was verified using the available fire test 
and FEA results. A good agreement was obtained for the FRR for the three wall 
configurations considered in this study. This paper has also described the FEA based 
parametric studies conducted to study the effect of different fire time-temperature curves on 
the fire response of LSF walls. The study highlighted that the type of fire time-temperature 
curve significantly influenced the stud temperature rise. The characteristics of real fire curves 
such as the maximum fire temperature and the time this occurs significantly influenced the 
stud temperatures, and thus also the axial compressive capacity of the stud and thus FRR. 
Although these parameters influenced the fire behaviour of LSF walls, stud failures were 
mostly governed by their hot flange temperatures. A new set of equations was therefore 
proposed for LSF wall configurations to obtain the ultimate failure loads of the studs based 
on the hot flange temperatures for 1.15 mm thick G250 and G500 steel studs. These 
equations can be used together with the stud hot flange time-temperature curves to obtain the 
FRR of LSF walls exposed to different realistic design fire time-temperature curves. Hence 
these two methods, the modified design rules developed for standard fire exposure in [2] and 
the simplified method based on the critical stud hot flange temperature can be used to obtain 
the FRR of lipped channel stud wall panels exposed to realistic design fire time-temperature 
curves with sufficient accuracy and without the need for further full scale fire tests. 
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Note: Si – Single plasterboard; Db – Double plasterboards and Cp – Externally insulated with rock fibre 
Figure 1: LSF Wall Panel 
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(a) Eurocode parametric fire curves 
 
 
 
 
 
 
 
 
 
 
 
(b) ‘BFD’ fire curves 
 
Figure 2: Realistic Design Fire Time-Temperature Curves for LSF Walls Lined 
with Double Plasterboards [20] 
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Figure 3: Realistic Design Fire Time-Temperature Curves Used in Fire Tests [20] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fire Curves Db-EU2 and Db-BFD2 
Fuel load – 1268 MJ/m2 
Ventilation Factor – 0.03 m1/2  
Thermal Inertia – 702 J/m2S1/2K 
Fire Curves Si-EU1 and Si- BFD1 
Fuel load – 1268 MJ/m2 
Ventilation Factor – 0.08 m1/2  
Thermal Inertia – 715 J/m2S1/2K 
Fire Curves Cp-EU3 and Cp-BFD3 
Fuel load – 1268 MJ/m2 
Ventilation Factor – 0.03 m1/2  
Thermal Inertia – 585 J/m2S1/2K 
Standard Fire  
Si-EU1 Cp-EU3 Db-EU2 
Si-BFD1 
Db-BFD2 
Cp-BFD3 
  
 
25 
 
Stud 1 
Stud 2 
Stud 3 
Stud 4 
Loading Frame 
Wall Specimen 
Axial Load 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) Fire test set-up                               (b) LSF wall after the fire test 
Figure 4: Fire Test Details [24] 
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plasterboard) 
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Restrained DOF ‘234’ 
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Note: HF – Hot Flange and CF – Cold Flange 
Figure 5: Finite Element Model of LSF Wall Stud [25] 
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Test LSF1 
Test LSF2 
Test LSF4 
Test LSF3 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) LSF walls lined with double plasterboards – Fire Tests LSF1 and LSF2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) LSF walls lined with single plasterboard - Fire Tests LSF3 and LSF4 
 
Figure 6: Load Ratio versus Time Curves from FEA and Modified Fire Design 
Rules [2] 
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Test LSF3a 
Test LSF3b 
Test LSF6 
Test LSF5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) LSF walls lined with single plasterboard - Fire Tests LSF3a and LSF3b 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
(d) LSF walls externally insulated with rock fibre insulation - Fire Tests LSF5 and LSF6 
 
Figure 6: Load Ratio versus Time Curves from FEA and Modified Fire Design Rules [2]  
 
 
 
 
 
 
 
 
 
 
 
 
  
 
29 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) Stud time-temperature curves – Db-EU1 to Db-EU4 fire curves 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Stud time-temperature curves –Db-EU5 to Db-EU8 fire curves 
 
Figure 7: Stud Hot and Cold Flange Time-Temperature Curves for LSF Walls Lined 
with Double Plasterboards and Exposed to Eurocode Parametric Fire Curves [26] 
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(a) Load ratio versus time curves 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Load ratio versus stud hot flange temperature curves 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) Load ratio versus stud cold flange temperature curves 
Figure 8: Results of Parametric Studies for LSF Walls Lined with Double Plasterboards 
and Exposed to Eurocode Parametric Fire Curves 
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(d) Load ratio versus average stud temperature curves 
 
Figure 8: Results of Parametric Studies for LSF Walls Lined with Double Plasterboards 
and Exposed to Eurocode Parametric Fire Curves 
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(a) Load ratio versus time curves 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Load ratio versus stud hot flange temperature curves 
 
Figure 9: Results of Parametric Studies for LSF Walls Lined with Double Plasterboards 
and Exposed to ‘BFD’ Fire Curves 
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(a) Stud time-temperature curves – Db-BFD1 to Db-BFD4 fire curves 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Stud time-temperature curves – Db-BFD5 to Db-BFD8 fire curves 
 
Figure 10: Stud Hot and Cold Flange Time-Temperature Curves for LSF Walls 
Lined with Double Plasterboards and Exposed to ‘BFD’ Fire Curves [26] 
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Figure 11: Load Ratio (LR) versus Stud Hot Flange Temperature Curve for LSF Walls 
Lined with Double Plasterboards 
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(a) Eurocode parametric fire curves 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Load ratio versus time curves – Fire Curves Si-EU1, Si-EU2, Si-EU5 and Si-EU6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) Load ratio versus time curves – Fire Curves Si-EU3, Si-EU4, Si-EU7 and Si-EU8 
Figure 12: Results of Parametric Studies for LSF Walls Lined with Single Plasterboard 
and Exposed to Eurocode Parametric Fire Curves 
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(d) Load ratio versus stud hot flange temperature curves 
 
Figure 12: Results of Parametric Studies for LSF Walls Lined with Single Plasterboard 
and Exposed to Eurocode Parametric Fire Curves 
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(a) ‘BFD’ fire curves 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Load ratio versus time curves 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) Load ratio versus stud hot flange temperature curves 
Figure 13: Results of Parametric Studies for LSF Walls Lined with Single 
Plasterboard and Exposed to ‘BFD’ Fire Curves 
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Figure 14: Load Ratio (LR) versus Stud Hot Flange Temperature Curve for LSF Walls 
Lined with Single Plasterboard 
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(a) Eurocode parametric fire curves 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Load ratio versus time curves 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) Load ratio versus stud hot flange temperature curves 
Figure 15: Results of Parametric Studies for LSF Walls Externally Insulated with Rock 
Fibre Insulation and Exposed to Eurocode Parametric Fire Curves 
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(a) ‘BFD’ fire curves 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Load ratio versus time curves 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) Load ratio versus stud hot flange temperature curves 
Figure 16: Results of Parametric Studies for LSF Walls Externally Insulated with Rock 
Fibre Insulation and Exposed to ‘BFD’ Fire Curves 
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Figure 17: Load Ratio (LR) versus Stud Hot Flange Temperature Curve for LSF Walls 
Externally Insulated with Rock Fibre Insulation 
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(a) Load ratio versus time curves 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Load ratio versus stud hot flange temperature curve 
 
Figure 18: Results of Parametric Studies for 1.15 mm G250 Steel Studs Lined with 
Single Plasterboard 
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(a) Load ratio versus time curves 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Load ratio versus stud hot flange temperature curve 
 
Figure 19: Results of Parametric Studies for 1.15 mm G250 Steel Studs Lined with 
Double Plasterboards 
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(a) Load ratio versus time curves 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Load ratio versus stud hot flange temperature curve 
 
Figure 20: Results of Parametric Studies for 1.15 mm G250 Steel Stud Walls Externally 
Insulated with Rock Fibre Insulation 
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(a) LSF walls lined with single plasterboard 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) LSF walls lined with double plasterboards 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) LSF walls externally insulated with rock fibre insulation 
Figure 21: Load Ratio versus Stud Hot Flange Temperature Curves from FEA for 1.15 
mm thick G250 and G500 Steel Stud Walls 
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(a) Fire time-temperature curves 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Stud time-temperature curves 
 
Note: Si–Single plasterboard; Db-Double plasterboards; Cp-Externally insulated with rock fibre 
 
Figure 22: Design Fire Curves and Corresponding Stud Time-Temperature Curves [26]   
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(a) LSF walls lined with single plasterboard 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) LSF walls lined with double plasterboards  
 
Figure 23: Comparison of Fire Design Rules and Simplified Method for 1.15 mm G500 
Steel Stud Walls 
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(c) LSF walls externally insulated with rock fibre insulation  
 
Figure 23: Comparison of Fire Design Rules and Simplified Method for 1.15 mm G500 
Steel Stud Walls  
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Table 1: Fire Tests Conducted Using Realistic Design Fire Curves [24] 
 
Test LSF Wall Configuration Fire Curve [20] 
Load Ratio  
(Load per 
Stud)  
Failure Time         
(mins) 
Fire Test FEA 
LSF1 Double layers of plasterboard 
 
Db-EU2 0.2 (15 kN) No Failure 
No 
Failure 
LSF2 Db-BFD2 0.2 (15 kN) 139 137 
LSF3 Single layer of plasterboard Si-EU1 0.2 (15 kN) 28 27 
LSF4 
 
Si-BFD1 0.2 (15 kN) 39 38 
LSF3a* 
Single layer of 
plasterboard Si-EU1 0.2 (15 kN) 39 43 
LSF3b* 
Single layer of 
plasterboard Si-EU1 0.2 (15 kN) 30 33 
LSF5 
Externally insulated 
panel with rock fibre 
insulation 
Cp-BFD3 0.4 (30 kN) 118 120 
LSF6 Cp-EU3 0.4 (30 kN) 120 116 
Note: Load per stud was calculated as load ratio x ambient temperature capacity of stud (77 kN); * - 
Test LSF3a is a repeat of Test LSF3 with 150 mm wide edge plasterboard strip fixed along Stud 4 (right 
side of the wall) instead of along Stud 1 in Test LSF3 (left side of the wall), and in Test LSF3b vertical 
plasterboard joints were located along central studs to avoid the 150 mm edge strips of plasterboard.  
 
 
 
 
 
 
 
 
 
